Abstract
25

Type of Intervention
1
We considered any type of household intervention that was explicitly aimed at 2 improving indoor air quality and/or health by changing or reducing emissions from solid fuel use 3 within the home. Such interventions include for example, changes in stove or heating apparatus, 4 changes in ventilation arrangements and changes in behavior geared towards reducing emission and 5 exposure to cooking smoke. This allowed us to examine the influence of intervention type on study-6 specific estimates. Interventions targeting for example, deforestation, fire wood use, particle size 7 distribution and cooking time were excluded because they did not address our research questions.
9
Type of comparisons
10
Different types of comparators have been used in intervention studies. We aimed to 11 provide a comprehensive evaluation of the evidence and did not impose any restrictions on the type 12 of comparator used in the intervention studies (for example, convenience comparison group, 13 randomized control group, no intervention control, and usual practice control). Studies with and 14 without comparators were included in the review.
16
Types of outcomes
17
We assessed both health and exposure outcomes. The primary outcomes were 
25
Type of study 1 We included randomized controlled trials (RCT or quasi-RCT), or non-randomized 2 control trials (i.e. cohort, case-controlled and cross-sectional studies), or before-and-after studies.
3
We excluded all controlled experimental studies (i.e. both laboratory and field) because they did not 4 qualify as interventions. We further excluded studies conducted in developed countries because 5 they did not answer our research questions.
7
Types of publications
8
In order to provide a comprehensive review of the literature we considered both 9 articles in peer-reviewed journals and student theses. Our search included publications in the 10 following languages: English, Spanish, and Chinese.
12
Data extraction and risk of bias assessment
13
Relevant characteristics of eligible studies were extracted and recorded independently 14 by five authors (i.e. RQ, CO, SS, FA and IL). Discrepancies were resolved through discussion. 
15
17
of the risk of bias assessment tool for each individual study (Supplemental Table 1 ) and the data 18 extraction forms (Supplemental Table 2 ) are available in the supplementary materials.
20
Statistical analysis 21
We anticipated substantial between study variability and we computed standardized 
2
Heterogeneity was computed using the Q (p < 0.1 considered significant), and I 2 -statistics (I 2 -3 statistic > 50% indicates high, 25-50% moderate, and < 25% low heterogeneity). We examined the 4 influence of various characteristics on the study-specific effect estimates by stratifying the analysis 
Results
13
Literature Search
14
Our systematic search of the literature is shown in Figure 1 . Fifty-five studies met our 15 a priori inclusion criteria and were included in the systematic review. Fifteen studies provided 43 16 effect estimates for our meta-analysis (Supplementary indicated that the improved cookstoves were offered for free but most studies failed to report the 17 delivery mechanism and financing of the intervention.
18
Several outcomes were reported in the intervention studies and we classified them into
19
personal exposure outcomes and micro-environment exposure outcomes (Table 1a) ; and health 20 outcomes (Table 1b) . Personal exposure outcomes were outcomes measured at the individual level 21 using for example, personal monitors attached to individuals clothing, measurement of metabolites 22 in urine and so on. Micro-environment exposure outcomes refer to particulate matter (PM) and/or 23 carbon monoxide (CO) measured from a fixed point in the home, most commonly in the kitchen.
24
Health outcomes reported in the identified studies were generally sparse and heterogeneous. 
Personal Exposure Outcomes
1
Twenty-eight studies reported on personal indicators of indoor air quality (IAQ) and 2 are described below (Table 1a) . 
Studies on Personal Particulate Matter
4
Of the 11 studies that reported on daily average personal particulate matter (P-PM),
5
five did not provide sufficient data for our quantitative analysis and were therefore analyzed 
17
In total, seven effect estimates were provided by five studies for our quantitative 18 analysis of P-PM (Supplementary Table 1 (Fig 1) . High between-study variability was observed (I 2 -index=89.7%,
22
P=0.000, Q-statistics (n=7) =58.17). In the stratified analysis, moderate to large improvements in 23 average daily personal PM was observed ( Fig. 2 and Table 1 ). With the exception of studies on 24 plancha cookstoves and those studies monitoring personal PM levels for less than 24-hr,
25
heterogeneity persisted (Table 2 ). The Egger test of small study effects showed no evidence of 1 publication bias (p=0.123). However, adjustment for publication bias by the trim and fill method 2 imputed three studies and the overall summary SMD was reduced marginally (1.08; 95% CI: 0.95, 3
1.22) and heterogeneity persisted (91.66 (10), p=0.00, 99.2%) ( Table 2 ).
5
Studies on Personal Carbon monoxide 6
Twenty-one intervention studies reported daily average personal carbon monoxide 
19
Altogether seven studies provided 10 effect estimates for our quantitative analysis of 20 PCO (Supplemental Material, Table S1 ). The overall summary SMD was 0.81 (95% CI: 0.63, 1.05)
21
and substantial heterogeneity was noted (I 2 =99.8%, p=0.00, Q-statistics (11) =5089.79). Slight to 22 moderate improvement in IAQ related to PCO was observed across study level characteristics ( Table 2 ) and substantial heterogeneity persisted. Egger small study effect (p=0.415) and the 24 trim and fill did not show any evidence of publication bias (Table 2) .
1
Micro-environment Exposure Outcomes
2
A total of 26 studies reported micro-environment indicators of HAP from solid fuel 3 use and are described below (Table 1a) . were measured both before and after the introduction of the improved cookstove at 1-minute 10 intervals for 48 hrs. PM 2.5 and CO were reduced by 67% and 66% respectively. In the study by 
25
In the meta-analysis of 13 effect estimates from 10 studies (Supplementary Table 3 
20
In all, eleven studies provided 13 effect estimates for our quantitative analysis of 21 kitchen levels of CO. The overall summary SMD was 1.21 (0.89, 1.66; I 2 =99.5%, p=0.00, Q-22 statistics (13) =2578.71) (Fig 4) . A slight to large improvement in indoor air quality (IAQ) related 23 to average kitchen levels of CO (MCO) was noted across study level characteristics and, except for 24 studies scoring weak on the Effective Public Health Practice Project Quality Assessment Tool (EPHPP), substantial heterogeneity persisted. There was no evidence of the small study effect 1 (p=0.154) and this was confirmed by the trim and fill method (1.03; 0.76, 1.41) ( Table 2) .
3
Health Outcomes
4
A total of twenty-nine studies reported health outcomes. Of these, 10 studies reported 5 on respiratory health problems alone, 10 studies on non-respiratory health problems, and 8 studies 6
on both respiratory and non-respiratory health problems (Table 1b) . Due to the sparse nature of 7 individual health outcomes, it was not possible to conduct a meta-analysis. These studies are 8 discussed below. in HAP was particulate matter (PM) levels in the kitchen, followed by daily personal average levels 6 of PM, levels of carbon monoxide (CO) in the kitchen and daily personal average levels of CO.
7
Slight to large improvement related to study level characteristics in average kitchen levels of PM 
Validity issues
16
Our study has a number of strengths. We searched several databases and used 17 secondary references that were cited in the original articles and a recent review. Five reviewers
18
independently assessed the articles based on a priori eligibility criteria. We also followed the We acknowledge a number of limitations in our study. We applied the Effective
1
Public Health Practice Project Quality Assessment Tool (EPHPP) to assess the risk of bias, but due 2 to a lack of data we were unable to explore the influence of each of the six domains on our overall 3 summary SMD. Nevertheless, we applied a single global rating score to assess the influence of risk 4 of bias on overall summary SMD and the majority of the studies were rated as weak on this scale.
5
How well a study fairs on the scale is dependent on the amount of information available in the 6 article for evaluation. Thus, a well conducted study may score poorly on the scale because the 7 author(s) failed to provide adequate information when writing up their manuscript. As a result,
8
interpretation on how well a study does on the EPHPP should be carried out with caution. We also 9 observed high statistical between study variability in the study-specific estimates and this persisted 
11
The authors identified 38 studies and reported average kitchen levels of PM and CO reducing by 38 12 to 82%. Reductions of average personal levels of PM and CO ranging between 47 to 76% were also avoiding carrying children while cooking and keeping children away from the cooking area.
7
Opportunities to educate communities on reducing household air pollution exposure include 
